Key indicators: single-crystal X-ray study; T = 293 K; mean (C-C) = 0.002 Å; R factor = 0.038; wR factor = 0.135; data-to-parameter ratio = 23.1.
In the crystal structure of the title salt, 2C 7 H 7 NH 3 + ÁSO 4 2À , the cations interact with the oxyanions through strong chargeassisted N-HÁ Á ÁO hydrogen bonds.
Related literature
The crystal structure of m-toluidinium nitrate (Rademeyer & Liles, 2010) , and the structures of three related phosphate salts, namely bis(m-toluidinium) dihydrogen diphosphate (Akriche & Rzaigui, 2000) , tetrakis(m-toluidinium) cyclotetraphosphate (Aloui et al., 2005) , and hexakis(m-toluidinium) cyclohexaphosphate (Marouni et al., 2000) , have been reported. For hydrogen-bond motifs, see: Bernstein et al. (1995) . For the most common coordination numbers for the sulfate anion, see : Chertanova & Pascard (1996) .
Experimental
Crystal data Table 1 Hydrogen-bond geometry (Å , ). (Farrugia, 1999) .
Nitrate, sulfate and phosphate anions are important oxyanions in biological processes, the pharmaceutical industry and play a role in freshwater and soil quality. A fundamental understanding of the role of oxyanion geometry on the molecular packing and non-covalent interactions in salt crystal structures is central to the fields of both molecular recognition and crystal engineering.
The molecular geometry and labelling scheme of bis(m-toluidinium) sulfate, I, is illustrated in Fig. 1 . The asymmetric unit of I consists of one m-toluidinium cation and half a sulfate anion, with the S atom on a special position, and the rest of the sulfate anion generated by symmetry. A layered structure, consisting of alternating organic and inorganic layers, is exhibited by I. The organic layers contain the hydrophobic part of the cation, while the inorganic layers comprise the ammonium groups and sulfate anions. In this structure four cations point to a pair of anions, which places the sulfate anions in a pocket created by ammonium groups. Each sulfate anion accepts six hydrogen bonds from six different cations. This high coordination number indicates the important cohesive role of the sulfate anions in the structure. It has been reported by Chertanova and Pascard (1996) that the most common coordination numbers of the sulfate anion are eight to ten. In I each ammonium group is hydrogen bonded to three different sulfate anions, with hydrogen bonding interactions listed in Table 1 . The interactions result in a pseudo-one-dimensional hydrogen bonded ribbon extending along the c-direction, which can be described by the graph set notation R 4 4 (12) (Bernstein, 1995) . Hydrogen bonding interactions are illustrated in Fig. 2 (b) . Pairs of cations interact through aromatic interactions in a slipped, head-to-tail fashion, with a centroid-to-centroid distance of 3.6025 (9) Å. Planes through neigbouring cation pairs intersect at an angle of 58°.
Bis(m-toluidinium) sulfate was prepared by the dropwise addition of excess concentrated sulfuric acid (0.35 ml, 98%, Aldrich) to a solution of m-toluidine (0.50 ml, 99%, Aldrich) in 20 ml chloroform (99%, Saarchem). The resulting precipitate was filtered, dried in air and re-crystallized from distilled water. Colourless crystals formed on evaporation, open to the air, at room temperature.
Refinement
All H atoms were refined using a riding model, with C-H distances either 0.93 or 0.96 Å and N-H distances of 0.89 Å, and U iso (H) = 1.5U eq (C) or 1.2U eq (C) or 1.2U eq (N). The highest residual peak is 0.71 Å from atom O2.
supplementary materials sup-2 Figures   Fig. 1 . The asymmetric unit of I, showing the atomic numbering scheme. Displacement ellipsoids are shown at the 50% probability level and H atoms are shown as small spheres of arbitrary radii. Symmetry operator i:x, -y, z -1/2. as those based on F, and R-factors based on ALL data will be even larger. 
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